A cross-sectional survey of agricultural areas, combined with routinely monitored mosquito larval information, was conducted in urban Dar es Salaam, Tanzania, to investigate how agricultural and geographical features may influence the presence of Anopheles larvae. Data were integrated into a geographical information systems framework, and predictors of the presence of Anopheles larvae in farming areas were assessed using multivariate logistic regression with independent random effects. It was found that more than 5% of the study area (total size 16.8 km 2 ) was used for farming in backyard gardens and larger open spaces. The proportion of habitats containing Anopheles larvae was 1.7 times higher in agricultural areas compared to other areas (95% confidence interval = 1.56-1.92). Significant geographic predictors of the presence of Anopheles larvae in gardens included location in lowland areas, proximity to river, and relatively impermeable soils. Agriculture-related predictors comprised specific seedbed types, mid-sized gardens, irrigation by wells, as well as cultivation of sugar cane or leafy vegetables. Negative predictors included small garden size, irrigation by tap water, rainfed production and cultivation of leguminous crops or fruit trees. Although there was an increased chance of finding Anopheles larvae in agricultural sites, it was found that breeding sites originated by urban agriculture account for less than a fifth of all breeding sites of malaria vectors in Dar es Salaam. It is suggested that strategies comprising an integrated malaria control effort in malaria-endemic African cities include participatory involvement of farmers by planting shade trees near larval habitats.
Introduction

Urban agriculture
The consequences of rapid urbanisation pose enormous challenges for cities, particularly in devel-oping countries of sub-Saharan Africa. Challenges associated with such growth as seen there include high rates of unemployment and scarcity of adequate shelter, food, water, sanitation and environmental protection (Hardoy et al., 2001; UNFPA, 2007; UN, 2008; Harpham, 2009) . One response to the increasing demands is urban and periurban agriculture, i.e. the production (from crop to animal production), processing and distribution of food within and around urban areas (Mougeot, 2000) .
Farming in cities is a worldwide phenomenon (Smit et al., 1996) , yet it has different functions in industrialised countries as compared to the developing ones. While its role has shifted to a mainly recreational one in the former, it remains an integral part of livelihood and food security in the latter (Drescher, 1998; Mougeot, 2000; Gerstl et al., 2002; Drescher et al., 2006) . In Tanzania, the annual urban growth rate from 2005-2010 is projected to be 4.2% (UN, 2008) and urban agriculture (UA) appears to have developed and expanded in response to genuine need (Kyessi, 1997) . People of varied socio-economic status levels practise UA throughout Tanzanian towns and cities (Sawio, 1993; Howorth et al., 2001) .
In Dar es Salaam UA takes place on public land, private land, residential plots and industrial or institutional areas. In many cases, public land is used without formal agreement or illegally and without secure land rights (Jacobi et al., 2000) . A large number of farmers of open spaces obtained their plots in the first half of the 1970s. During this period of economic crisis, the Tanzanian Government encouraged people in the city to cultivate every available piece of land (Stevenson et al., 1994) . The decline of the economy worsened in the 1980s resulting in shortages of basic foodstuff. Urban dwellers responded by engaging in subsistence farming (Briggs, 1991) and by 1988, one in five people of working age in Dar es Salaam were involved in some form of UA (Smit et al., 1996) . Currently, UA in Dar es Salaam consists of backyard gardening, livestock farming, community gardening, and market-oriented production on open spaces. Vegetables are the most important product (Jacobi et al., 2000) and most of the leafy vegetables consumed in Dar es Salaam comes from UA within the city (Stevenson et al., 1994) . While backyard gardening is most important in terms of the number of households involved (Jacobi et al., 2000) , open space production covers the largest area (4% of the urban area in 1999) (Dongus, 2001) . UA thus plays an important role in providing food, maintaining green areas, and generating income, yet it may also entail health risks. First, crops can be contaminated with heavy metals or pathogens from industrial or domestic wastewater, from urban solid waste used as fertiliser, or from agro-chemical poisoning (Birley and Lock, 1998) . Second, UA can provide suitable conditions for mosquito larval development in stagnant water bodies created by irrigation, water storage and drainage, increasing the risk of vector-borne diseases such as malaria (Birley and Lock 1998; Keating et al., 2003 Keating et al., , 2004 Afrane et al., 2004) .
Urban malaria
Malaria accounts for approximately 1 million deaths worldwide each year, mainly in sub-Saharan Africa Snow et al., 2005; WHO, 2008) . The residents of Dar es Salaam are at risk of contracting malaria ) and belong to the estimated 2.4 billion of urban population living in areas where malaria transmission is dominated by Plasmodium falciparum, cause of the most lethal form of the disease (Guerra et al., 2008) . In malaria-endemic areas, urbanisation has major implications for disease transmission patterns (Lines et al., 1994; Warren et al., 1999) . Although vector density is typically much lower in urban areas compared to periurban and rural areas (Robert et al., 2003) , malaria transmission is nevertheless a significant problem (Trape et al., 1993; Keiser et al., 2004; Donnelly et al., 2005; Hay et al., 2005) . In Dar es Salaam, over a million malaria cases are reported by the health facilities every year (Mtasiwa et al., 2003) though malaria is often grossly over-reported (Makani et al., 2003; Wang et al., 2006; Reyburn et al., 2007) , and a considerable part of the infections might result from travel to rural areas (Wang et al., 2006) . Transmission is modest with one infectious bite per person per year, reflected by the moderate average prevalence of 12% (Geissbühler et al., 2009) . In Dar es Salaam, 90% of all malaria cases are caused by P. falciparum with the main vectors being Anopheles gambiae sensu strictu Giles, An. arabiensis Patton, An. funestus Giles and An. merus Dönitz . However, all Anopheles species found in Dar es Salaam are potential malaria vectors (Geissbühler et al., 2009 ).
UA and malaria
The impact of UA on malaria transmission intensity in cities is not fully understood. In Kumasi, Ghana, higher adult anopheline densities were found in urban areas with agriculture than in those without. However, these UA areas were located in inland valleys that might have more mosquitoes due to their local ecology (Afrane et al., 2004) . A report on malaria in Accra, Ghana, compared the prevalence in communities with and without UA concluding that proximity to irrigated, open-spaced, and commercial vegetable production may increase transmission , which could potentially play a role in malaria epidemiology (Klinkenberg et al., 2008) . Other studies found that certain irrigation practices result in larger mosquito populations (Ijumba and Lindsay, 2001; Briet et al., 2003; Afrane et al., 2004; Dolo et al., 2004) but these do not necessarily lead to higher transmission levels (Ijumba and Lindsay, 2001; Dolo et al., 2004) . In Bouaké, Côte d'Ivoire, Dossou-Yovo et al. (1994 found high anopheline densities but low sporozoite rates in areas bordering rice cultivation, concluding that rice fields did not seem to have notably modified malaria transmission. Robert et al. (1998) concluded from a study on market garden wells in Dakar, Senegal, that although wells served as breeding grounds for anophelines, these sites were not the only in sustaining the mosquito population. In Dar es Salaam, Wang et al. (2006) found that having a small urban agricultural land or garden near the living compound was not associated with malaria infection. However, these surveys were conducted after a long period of drought, when malaria prevalence was exceptionally low. The exact role of UA in malaria transmission thus remains unclear and needs further investigation (Afrane et al., 2004; Wang et al., 2006) .
Anopheles breeding sites can be found in all kinds of urban land use, agricultural or not. A variety of studies have found that UA creates breeding sites for anophelines (Trape and Zoulani, 1987; Afrane et al., 2004; Matthys et al., 2006; Klinkenberg et al., 2008) . However, a study in two Kenyan cities found no association between household level farming and vector breeding sites (Keating et al., 2004) . Experiences in large-scale rice irrigation schemes in Mali showed the types and the density of breeding sites varied depending on the rice growing stages, and the related provision of shade (Klinkenberg et al., 2003) . Therefore, water management such as intermittent irrigation as well as the adaptation of farming practices may significantly reduce the number of breeding sites in rice fields (van der Hoek et al., 2001; Keiser et al., 2002; Klinkenberg et al., 2003) . In Dar es Salaam, Sattler et al. (2005) found that, where the groundwater table was high, seedbeds with small ridges tilled for growing plants with furrows dug between the ridges often contained shallow pools with Anopheles larvae. While rice fields, shallow wells and irrigation channels have also been found productive in this sense, malaria transmission in Dar es Salaam seems to be primarily associated with clusters of poorly drained and periurban areas, which often coincide with agricultural land use Sattler et al., 2005) . This paper focuses on urban crop production investigating how the presence of Anopheles larvae is related to different UA characteristics as well as underlying geographical features in Dar es Salaam, Tanzania.
Materials and methods
Study area
Dar es Salaam is the largest city and de facto capital of Tanzania with an estimated 2.9 million inhabitants in 2007 (UN, 2008) . Situated on the shores of the Indian Ocean, large parts of the city are located on coastal plains that are interrupted by a number of river valleys. It has a hot and humid tropical climate with two rainy seasons and is characterised as an area with endemic and perennial malaria (MARA/ARMA, 2002) . Although the conditions for agriculture are not particularly favourable in terms of soil types and fertility (Sawio, 1998) , UA is widespread (Jacobi et al., 2000) .
The city region covers an area of almost 1,400 km 2 , divided into 73 administrative units called wards (Fig. 1) . Three of those wards, Mikocheni, Buguruni and Kurasini, were chosen for sampling for this study. These areas are located within the urban area of Dar es Salaam between 1 and 10 km away from the city centre. The study area covers a total area of 16.8 km 2 and a population of 128,000 ( Fig. 2 ) (National Bureau of Statistics, 2003) . Most of the area is built-up but provides nevertheless excellent breeding sites for mosquitoes with varied aquatic habitats for their eggs, larvae and pupae Sattler et al., 2005; Fillinger et al., 2008) . The choice of these wards rested on two main reasons: (i) they are representative of Dar es Salaam's geographic and socio-economic characteristics as well as of its urban land use (Dongus et al., 2007) ; and (ii) the relevant quality-controlled records of the distribution of aquatic-stage mosquitoes are available from the Dar es Salaam Urban Malaria Control Programme (UMCP). This is the first operational community-based larviciding programme in modern Africa, described in detail elsewhere Mukabana et al., 2006; Dongus et al., 2007; Fillinger et al., 2008 ).
The analysis is based on two datasets: (i) a specific UA survey, and (ii) the routine UMCP larval habitat survey . 
UA survey data
Between late June 2005 and early January 2006, the three study wards were first visited and a crosssectional survey of all agricultural areas used for crop production was conducted. The survey was fully integrated into a participatory mapping of the UMCP target areas (Dongus et al., 2007) , which was almost exclusively conducted during the dry periods. Data on agricultural characteristics (the variables are listed and explained in Tables 1 and 2) were collected using specific forms. The boundaries The Dar es Salaam city region is subdivided into 73 wards. The three "wards" included in this study are located in the urban part of the city region ( Fig. 1) . Categories are the ward names.
Farming site Backyard garden Open space Unbuilt plot or nursery "Backyard garden" (home garden): typically but not always near the home of the gardener, within residential areas, generally for subsistence production, maintained by individuals or households who have some access to land (either customary or legal) which they have arranged for themselves (Drescher et al., 2006) . "Open space": public or private unbuilt land, for example hazardous lands declared not suitable for construction, road and railway reserves, available land for community use, as well as residential, industrial or institutional plots under-utilised or awaiting development. Open spaces are often used for agricultural activities, generally marketoriented production, and cultivated by more than one farmer (Dongus, 2001 of each agricultural area were indicated on laminated A4 colour prints (scale 1:3,000) of digital aerial photographs with a ground resolution 0.5 m (produced by Geospace International, Pretoria, South Africa in 2002). Water bodies located within the agricultural areas were surveyed for the presence of Anopheles larvae utilising the same standardised operational protocols as that adopted by the UMCP larval surveillance team . All data were digitised using the geographical information systems (GIS) software MapInfo Professional ® 7.0 (MapInfo Corporation, Troy, NY, USA).
UMCP larval habitat data
The UMCP larval habitat data comprise comprehensive longitudinal larval surveillance information with one data entry per four week period (variables used in this study are described in Tables 1 and 2 ). The UMCP data were collected on an operational basis as described in detail by Fillinger et al. (2008) . Larval catchers were trained and routine supervision and spot checks were undertaken to monitor and assure the quality of the information. The data were stored in databases created in EpiInfo™ software (Centers for Disease Control and Prevention (CDC), Atlanta, GA, USA), and double-entered.
Linking of UA data and UMCP larval data
In order to not only receive information about larval presence in the agricultural areas for one point in time, but for both the dry and wet seasons, the UA survey data were matched with the UMCP larval data. The agricultural data of each area identified in the UA survey were matched with two observations from the UMCP larval database, representing data from the wet and dry seasons and collected nearest in time to the UA survey observation. This made it possible to incorporate the aspect of rainfall seasonality into the cross-sectional data. (Fig. 3) . The maximum time between the UA survey and the corresponding UMCP larval data was one month or less in 87% of the UMCP dry season observations (median = 12 days), and three months or less in 88% of the UMCP wet season observations (median = 59 days).
The UA survey found a total of 623 agricultural areas in the study area, with sizes ranging from 10 to almost 66,000 m 2 , covering a total area of 0.9 km 2 . From these, 201 areas had to be dropped because no observations were available for them in the UMCP larval database. These areas were mostly rainfed small gardens located in upland or slope areas (Fig. 6A). In addition, 17 gardens were excluded because they only had observations for one of the two seasons. Another 33 areas had to be excluded because their corresponding UMCP larval data only covered periods after the commencement of larvicide use in March 2006 Geissbühler et al., 2009) . Unfortunately, these 33 areas, located in the valley of the Msimbazi River in Buguruni, constituted the largest agricultural cluster in the study area. Hence, the study sample comprised 372 individual agricultural areas covering a total of 0.2 km 2 (covering 1.2% of the total surface of the study area).
Geographical data
Available geographical data were assembled. Some of these were used for visual interpretation (e.g. roads and railway lines), while other data were utilised for statistical analysis (e.g. land use and hydrological information). Land use classes and distances to hydrological features (e.g. rivers) were assigned based on the centroid locations (geometric centres) of each agricultural area. In order to determine the distances, buffer zones were assigned around the various hydrological features (Table 1) . A digital elevation model (DEM) was used for visual interpretation and validation of the topographical data collected in the UA survey. The DEM as well as the roads and land use data were provided by the International Institute for Geo-Information Science and Earth Observation (ITC) Enschede, The Netherlands, and the University of Dortmund, Germany (2008) .
Statistical methods
Statistical analysis was done with the STATA ® software (version 9.0, Stata Corporation, College Station, TX, USA), and complemented with visual interpretation of maps produced with MapInfo and ArcGIS (version 9.2, ESRI, Redlands, CA, USA). Multiple models were fitted using a stepwise (backward selection and inclusion criteria: P <0.2) multivariate, logistic regression procedure with independent random effects. The following statistical model specifications were employed:
Let Y i be the binary response corresponding to the presence of Anopheles larvae at site i, i = 1, ..., n taking value = 1 if Anopheles larvae are present and the value = 0 otherwise. Let X i = (X i1 , ..., X ip ) T be the To take into account potential clustering, random effects ε i were introduced at each site i, that is
The "ε i " values were assumed independent and were modelled with a mean = 0 normal distribution with the variance τ 2 .
The response variables for all models denoted presence or absence of (i) Anopheles larvae, (ii) late instar (development stage) Anopheles larvae, and (iii) pupae of any kind of mosquito species. Three response variables were based on UMCP larval data, distinguishing wet and dry seasons, and one response variable was exclusively based on UA survey data. Almost all (99%; n = 367) of the UA survey observations were made in the dry season, with only 1% (n = 5) in the wet season (see Tables 1 and 2 for a list and description of the explanatory and response variables). Because of the small sample size, data from individual wards were combined in one model. Correlations between explanatory variables were assessed using Fisher and χ 2 tests. Interaction terms between production type and types of crops were included in the regression models to test for heterogeneity in the effect of various crops. 
Results
Typology of agricultural areas
The UA survey revealed that a total of 0.9 km 2 equal to 5.5% of the study area was used for urban crop farming at the time of the study. The most common farming sites were backyard gardens and open spaces (Table 1 and Fig. 4) . Garden sizes ranged from as little as 15 m 2 to 15,000 m 2 (mean = 550 m 2 , median = 202 m 2 ). In planned residential areas large backyard gardens were most common, while small backyard gardens were more common in informal settlements. Areas designated for industrial purposes were often used for open-space farming. Less than 10% of all gardens were found in vacant land not considered to be part of residential or industrial areas. Most gardens were located in upland areas (70%), mainly with sandy soils. Half of the gardens in the lowland areas had loamy or clayey soils. Proximity to rivers was neither correlated to number of nor to sizes of gardens.
Slightly more than half of all gardens were irrigated. The non-irrigated gardens were particularly seen in informal settlements which thus relied on rainfall for water. Otherwise, 30% of the gardens were irrigated with tap water, which was the most common source of irrigation in planned residential areas, while 20% used dug earth wells or cemented ones as source of irrigation. Water from rivers, drains and standing groundwater was utilised in only 4% of all cases. In more than a third of the gardens, some kind of manure was applied as fertiliser with poultry and cow dung being the most popular ones. Almost two-thirds of all gardens, and more than 80% of those in informal settlements smaller than 100 m 2 , did not have any specific production type; there were no seedbed arrangements and crops were simply planted into the plain soil. In contrast, 18% of the gardens consisted of sunken beds only, 13% of raised beds only, and another 4% had both sunken and raised beds.
The most common classes of crops grown were vegetables (leafy as well as non-leafy), fruit and root crops, that were found in about 60% of all gardens. Leguminous crops (42%), sugar cane (24%) and cereals (23%) were also frequently present. Oilseed crops were found in 7% of all gardens. Only 1% of gardens grew rice but this picture would have been different in the wet season when rice production is popular, especially in the river valleys. In most gardens, three or more different crop classes were present.
UA and Anopheles larvae
The UMCP survey results, which were linked to the UA survey data, found Anopheles larvae in 11% of all plots with agriculture during the wet periods, and in 17% of all plots (subunits of tencell-units; Dongus et al., 2007) with agriculture during the dry periods. The UA survey, mostly conducted during dry periods, showed a lower level of occupancy with Anopheles larvae (12%). The discrepancies may be a result of small temporal variations in larval density. Figure 3 shows the seasonality observed in the UMCP larval dataset and the period of the agricultural survey. Figure 5 shows a map of the agricultural areas with and without Anopheles larvae.
The largest number of breeding sites with Anopheles larvae in Dar es Salaam was not found to be related to agriculture but instead to drains, ditches, swamps and puddles in non-agricultural areas. During March 2005 to February 2006, 11% of all water bodies found by the UMCP in the studied wards were located in agricultural areas and 17% of all habitats containing Anopheles larvae were found in those areas. Therefore, although agricultural areas were not the most frequent potential habitat, they were more productive than the others. This is illustrated by the finding that throughout all seasons of the year, the proportion of habitats containing Anopheles larvae was higher in plots with agriculture compared to plots without agriculture. The average proportion over the year was 1.7 times higher in agricultural plots (95% confidence interval (CI) = 1.56-1.92). Figure 3 shows the propor- tions of habitats containing larvae among all habitats plotted against those found in agricultural plots.
Geographical features
Topography, location, hydrology and soil type were the most significant geographical features associated with the presence of Anopheles larvae. Plots with farming in lowland areas were far more likely to contain breeding sites with Anopheles larvae than upland farming areas (dry season: odds ratio (OR) = 14.56; 95% CI = 4.02-52.82; P <0.001) (Tables 3 and 4). Compared to the Mikocheni ward, the odds of finding Anopheles larvae were lower in the Buguruni gardens (dry season: OR = 0.02; 95% CI = 0.00-0.11; P <0.001), and also in Kurasini. During the dry season, the chance of finding late instar Anopheles larvae decreased at distances further than 500 m away compared to distances less than 200 m away from rivers (OR = 0.20; 95% CI = 0.06-0.63; P = 0.006). A similar relation applied for ponds. Gardens on loamy and clayey soils showed a higher chance for Anopheles larvae than those on sandy soils (OR = 9.28; 95% CI = 3.05-28.18; P <0.001). Regarding land use, gardens in planned residential areas had the lowest odds for late instar Anopheles larvae (wet season: OR = 0.14; 95% CI = 0.02-0.93; P = 0.042). Gardens in industrial areas and vacant land, not designated for any kind of construction purposes, were not significant.
Agricultural features
Gardens that fully relied on rainfall had a much lower chance to contain Anopheles larvae compared to gardens with any type of well for irrigation (Fig.  6D ) (dry season: OR = 0.22; 95% CI = 0.06-0.73; P = 0.013). Approximately half of the agricultural breeding sites that contained Anopheles larvae in the UA survey were wells. The odds were even lower where tap water was used for irrigation (dry season: OR = 0.16; 95% CI = 0.04-0.58; P = 0.005; wet season: late instar: OR = 0.09; 95% CI = 0.01-0.55; P = 0.009). Although only approaching significance because of the low number of observations, other irrigation sources such as water from drains/ditches and standing groundwater in agricultural areas seemed to greatly increase the probability of Anopheles larvae presence.
While the exclusive presence of raised beds (matuta in Kiswahili, i.e. ridges for planting crops such as sweet potato that are often made on grounds with a high water table) was significant only regarding pupae (wet season: OR = 3.0; 95% CI = 1.06-8.48; P = 0.038), plots with only sunken beds were associated with a higher probability of Anopheles breeding in the dry season (OR = 5.37; 95% CI = 1.52-18.95; P = 0.009; all compared to gardens without any kind of seedbed arrangements). Plots with mid-sized gardens (101-400 m 2 ) had a higher chance of late instar Anopheles larvae compared to larger agricultural areas (dry season: OR = 4.50; 95% CI = 1.49-13.56; P = 0.008). The smallest odds were found in small gardens of 100 m 2 maximum size (dry season: OR = 0.08; 95% CI = 0.01-0.82; P = 0.034).
The growing of sugar cane (OR = 4.25; 95% CI = 1.37-13.21; P = 0.012) and leafy vegetables in the dry season was associated with relatively high odds of larvae presence (though less with regard to vegetables). However, the cultivation of leguminous crops (wet season: late instar OR = 0.25; 95% CI = 0.08-0.81; P = 0.020) was correlated with a relatively low probability of larvae presence. Although not significant, the same may apply for the cultivation of fruit (dry season: OR = 0.37; 95% CI = 0.13-1.05; P = 0.062). Oilseed crops such as coconut trees, root crops, non-leafy vegetables and other crops were not significant. Crop diversity lead to different results depending on the season, i.e. in the dry season, the chance to find larvae decreased where three or more crop classes were present within an agricultural area, whereas the opposite was the case during the wet season. Lastly, interaction terms between type of production and type of crop were not significant, suggesting that there was no heterogeneity in the effect of varied crops. Table 4 . Results of multivariate logistic regression models (wet season).
Geographical features Agricultural features
Discussion
UA is only one among many other types of land use that can enable larval development of Anopheles mosquitoes in cities. More than 80% of all habitats with Anopheles larvae in urban Dar es Salaam are located in areas without agricultural activities. However, farming and the presence of Anopheles larvae are correlated. Cultivated areas are 1.7 times more likely than others to contain breeding habitats with Anopheles larvae. In order to explore the underlying reasons that lead to this situation, factors related to presence of Anopheles larvae in UA areas were investigated. Apart from geographical factors that have been examined previously (Balls et al., 2004; Sattler et al., 2005; Matthys et al., 2006; Zhou et al., 2007; Majambere et al., 2008) , a range of agricultural features at a partly unprecedented level of detail in terms of crops was included in the analysis. Moreover, to our knowledge, this is the first comprehensive mapping of UA in an African city, notably the inclusion of backyard gardens.
Compared to findings from mountainous areas (Balls et al., 2004; Cohen et al., 2008) , this study reveals that topography matters even at differences less than 10 m. As a matter of principle, the topography corresponds with the hydrological conditions in an area. Rivers and streams accumulate fine Legend to Tables 3 and 4. Multivariate logistic regression models after stepwise selection of variables, with independent random effects. OR = odds ratio, 95% CI = 95% confidence interval, P = p-value. Results are only shown for variables with P <0.05 in the likelihood-ratio-test. Bold: P <0.05. a 29 observations of variable soil type are lacking the respective code; b borderline significant (0.05< P <0.06 in likelihood-ratio-test); c likelihood-ratio-test does not converge, but variable is significant in model without random effect, same OR and p-values; * variables with P <0.001 in likelihood-ratio-test; *** taken from corresponding multivariate logistic regression model without independent random effect. grained soil particles in their floodplains. Loamy and clayey soils are thus usually found in lowlands, whereas more permeable sandy soils are more frequent in upland areas. The groundwater table is generally higher in lowland areas compared to their surroundings. Therefore, areas in lowlands and in close proximity to rivers or ponds are more likely to contain breeding sites than others. This was particularly obvious in Kurasini (Fig. 5) . All factors mentioned are beneficial for agriculture, and therefore likely to be a main reason for the presence of agriculture in the first place, particularly the case in floodplains that are unsuitable for construction purposes. One can argue that such local ecological conditions are simultaneously ideal for both Anopheles larvae and for agriculture. Recent evidence from coastal towns in Kenya supports this finding, showing that agriculture per se had no detectable influence when such environmental variables were controlled for (Keating et al., 2004) . Furthermore, environmental variables such as shade, substrate and vegetation were the best predictors for the presence of the three major vector species in these urban centres (Jacob et al., 2005) . Untouched by any human activity, the natural vegetation of such areas may provide less favourable conditions for Anopheles larvae (Lindblade et al., 2000; Munga et al., 2006) , especially if closed leafy canopies or other vegetation of sufficient density prevent sunlight from reaching the soil. The only natural vegetation still existing in our study area occurred in a few isolated mangroves in Kurasini.
Different geographic and socio-economic characteristics of the three areas investigated may explain the distinct results for each ward. Mikocheni had the highest odds of finding gardens with larvae. This might be explained by its very homogenous topography with limited surface runoff, and thus higher impact of loamy and clayey soils. The gardens in Mikocheni were relatively large in size as enough space was available in undeveloped industrial plots and backyards in planned residential areas. In contrast to the other two wards, the larval data for Mikocheni used in the analysis were predominantly from the first half of the agricultural survey, coinciding with a period of relatively high larval densities (Fig. 3) . Buguruni showed the lowest odds of finding larvae. To a large extent this can be explained by the fact that the large agricultural area located in the river valley that contains many potential habitats had to be excluded from the analysis. This valley serves as natural drainage for the remaining parts of the ward, mostly upland areas with permeable sandy soils and limited space for gardens due to the dense informal settlement structure. Kurasini had the most diverse terrain and the highest impact from topography. The fact that the probability to find larvae in gardens was found to be lower than in Mikocheni may be explained by the different runoff situation that concentrates surface and ground water to particular areas and the less favourable water-holding capacity by the predominantly sandy soils (89% of gardens in Kurasini, only 45% in Mikocheni). Another reason might be pollution by the petrol and harbour industry in Kurasini.
Agriculture using raised beds (matuta) (Fig. 6C ) had no significant impact. This cannot be explained by accidental disproportionate exclusion of such areas in the analysis, such as the large areas in the river valley in Buguruni. In fact, the excluded observations actually had a lower proportion of areas with raised beds (8%, n = 19) than those included (13%, n = 48). The presence of sunken beds with slightly raised borders to maximise water use (Fig.  6B) , however, was clearly correlated to increased presence of larvae. Importantly, in plots with sunken or raised beds, most of the larvae were in wells and not found in seedbeds or in the ridges between them. Nevertheless, considering contrary previous findings (Sawio 1998; Castro et al., 2004 , Sattler et al. 2005 , the importance of raised beds as Anopheles breeding sites should not be underestimated.
Dug earth wells (Fig. 6D ) often contained Anopheles larvae, especially if they were large enough to allow parts of the surface to remain undisturbed by irrigation activities. The largest risk factor related to irrigation, however, seemed to be a groundwater table at such a high level that surface water does not drain away or evaporate for long periods. The majority of gardens in such areas contained Anopheles larvae. Soil moisture in general has been shown to play a crucial role (Patz et al., 1998) . In contrast, purely rainfed gardens and those that are irrigated all year long by tap water were very unlikely to contain larvae suggesting minimal malaria risk. Although water in blocked drains or ditches sometimes contains Anopheles larvae, it is often polluted and a typical breeding site for Culex larvae, which probably contributes to the high odds of finding pupae in such habitats.
The size of an agricultural area appears to be a logical factor contributing to larval presence, as the likelihood of finding breeding sites increases with the size of an area. At the same time, the size of a garden is related to the number of farmers. While gardens less than 400 m 2 in size are usually cultivated by one farmer, open spaces are often cultivated by several farmers jointly, especially if larger than 1,000 m 2 (Jacobi et al., 2000; Dongus, 2001) . In Dar es Salaam, while gardens with a size below 100 m 2 had a significantly smaller probability to contain larvae compared to larger gardens, the most likely gardens to have larvae were the mid-sized ones (100-400 m 2 ) rather than the largest ones. A possible explanation for this observation might be the intensive use of irrigation in large agricultural areas where several farmers often share the same well. The water in such a well is disturbed much more frequently than in gardens cultivated by only one farmer making it a less attractive breeding site for Anopheles. This might also explain why areas with a high crop diversity have relatively high odds of Anopheles larvae in the wet season. These generally large areas require less irrigation in the wet season as compared to the dry season, which probably results in less frequent use of the wells. Therefore, the garden size might at the same time reflect an impact of the number of farmers using it.
Some crops are known to be associated with Anopheles proliferation, irrigated rice in particular (Dossou-Yovo et al., 1994; Dolo et al., 2004; Mboera et al., 2007; Sogoba et al., 2007) . The results of this study probably underestimate the impact of rice cultivation for two reasons. First, the UA survey was mostly conducted during the dry season, when most of the numerous and large rice fields in Dar es Salaam are lying fallow, resulting in a sample size of rice fields (n = 5) too small to show any significant correlation. Second, almost all large rice growing areas had to be excluded from the study due to reasons explained in the material and methods section; therefore their impact during the wet season could not be measured. Cereals have been discussed by other authors regarding pollen of a certain variety of maize as a nutrition basis for larvae (Ye-Ebiyo et al., 2003) and in terms of increased malaria incidence (Kebede et al., 2005) . Although there is a common belief that malaria vector mosquitoes breed in the leaf axils of maize plants, it has been shown that they do not (Birley and Lock, 1998) . The only link our study could establish was that presence of cereals in a garden resulted in a reduced probability of finding pupae. This was also seen with respect to leafy vegetables, leguminous crops and fruit. The reason behind may be the clean environment that especially larger gardens often imply. Raised beds are often planted with root crops such as sweet potatoes in Dar es Salaam and have been suspected of being important Anopheles breeding sites as mentioned above . In this study, however, root crops did not influence the probability of finding Anopheles larvae. Sweet potatoes were planted in raised beds in 70% of the cases. Sugar cane cultivation and presence of larvae as well as pupae were positively correlated, presumably because of the high water requirements of this crop. However, another study in Tanzania found that irrigated sugar cane production does not have any negative impact (Ijumba et al., 2002) . Where leafy vegetables and larvae were both found in one place, this was mostly due to the presence of wells ensuring regular irrigation of these crops. Leafy vegetables irrigated with tap water or which are directly rainfed were rarely related to habitats. Leguminous crops, and to some extent fruit trees, were negative-ly related to larval presence. The cultivation of leguminous crops such as cowpeas may therefore be an indicator for dry areas that are unlikely to contain breeding sites. In the case of fruit trees, the shade provided by their leafy canopies might even be a factor reducing the suitability of water bodies as Anopheles breeding sites.
In summing up the findings above, it should be stated that the characteristics of gardens with high odds of containing Anopheles larvae comprised the following: a location in lowland areas, proximity to rivers or ponds, loamy or clayey soils, sunken beds, sizes between 100-400 m 2 (and therefore only one user), wells, and with regard to crops, the cultivation of sugar cane or leafy vegetables. Urban gardens with relatively low odds of containing Anopheles breeding sites were characterised by an upland location (unless there is a lack of runoff), sandy soils, informal and planned settlements, large distance to rivers and ponds, absence of wells, irrigation by tap water or rainfed production, no specific seedbeds, very small or very large size (unless there are rice fields in the wet season) and cultivation of leguminous crops or fruit trees.
The identified characteristics of gardens with the highest potential to host Anopheles breeding sites bear important implications for malaria control. Their features make it relatively easy to identify and access them. The majority of gardens possessed few of these characteristics, and many had none of them at all. An integrated vector control programme could consider two strategies. First, farmers could be trained and actively involved in environmental vector control (Sawio 1998; Mlozi et al., 2006; Mboera et al., 2007) , for example by establishing farmer field schools (van den Berg and Knols, 2006; van den Berg et al., 2007) targeting farmers in agro-ecosystems most at risk of anopheline breeding. Agricultural extension services might play an important role in this respect, for example by promoting locally tailored environmental management practices such as planting of fruit trees as an additional crop to provide shade over water bodies (WHO, 1982; Rafatjah, 1988; Walker and Lynch, 2007) and by combining agriculture and forestry (agroforestry) in general (Swallow and Ochola, 2006) . Shading wells could potentially eliminate this important Anopheles breeding site. Second, when needed, systematic larviciding should be used and targeted to productive habitats, particularly where environmental management practices cannot be applied.
Although there is an increased probability of finding Anopheles larvae in agricultural sites, breeding sites originated by UA account for less than 20% of all breeding sites of malaria vectors in Dar es Salaam in terms of their total number. UA thus is not the main reason for the presence of breeding Anopheles larvae and therefore malaria transmission in Dar es Salaam. Nevertheless, agriculture-related breeding habitats do have a high presence of larvae, and therefore represent a potential malaria risk factor that thoroughly needs to be considered by vector control programmes. Strategies comprising an integrated malaria control effort in malaria-endemic African cities may include involvement of farmers by planting shading trees near larval habitats.
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